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Abstract
This thesis focuses on food security in Micronesian Island nations and how the effects of
climate change are detrimental to the region’s fisheries resources and agricultural production.
Because the Micronesian islands are on the forefront of climate change, the effects of ocean
acidification, rising sea levels, and higher mean surface areas pose immediate risks to the
region’s food security. Not only does climate change threaten both sources of the region’s food
– fisheries and traditional agriculture – but includes ramifications for economic development,
environmental conservation, and public health. Each island nation in the Pacific is entitled to an
Exclusive Economic Zone (EEZ). Because most of the world’s tuna stocks are concentrated in the
Western Pacific, Pacific Island Countries (PIC) derive a significant portion of government
revenue from selling tuna fishing licenses to countries such as Australia, China, Japan, and the
US. Chapter 1 covers a brief history of the existing food systems in the Micronesian islands and
pertinent data on the Micronesian islands’ climate, economy, geography, and health. Chapter 2
delves into climate change impacts on the islands’ terrestrial and marine ecology and the
subsequent effects on island nations’ food sources both through agriculture and fisheries.
Chapter 3 assesses the economic impacts – direct, indirect, and intangible costs – associated
with the vulnerable food systems of island nations. Chapter 4 examines the resulting impacts
on the nations’ overall public health conditions due to the disruptions in the vulnerable food
systems. Chapter 5 poses several policy recommendations that address sustainable
development, climate adaptation, and economic development. Overall, the overlapping lens of
ecology, economics, and public health are used in exploring the impacts of climate change on
food security on the Micronesian island nations.
Keywords: Micronesia, climate change, food security, fisheries, traditional agriculture, public
health, marine ecology, ecological economics.
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Introduction: From the Micronesian Perspective
Anthropogenic climate change is a harsh reality for the population of Pacific Island
Countries. Despite the surmounting evidence linking climate change and the staggering rate of
greenhouse gases emissions resulting from man-made sources as the key driver of climate
change impacts, most countries are still operating at economic levels that are unconducive to
global efforts in significantly curbing carbon emissions. The three regions of Micronesia,
Melanesia, and Polynesia all encompass the various Pacific Island Countries and Territories that
are most vulnerable to the negative impacts of climate change. Whether the world chooses to
mutually commit to initiatives that address climate change, the everyday livelihoods of the
people living on island-nations will likely suffer the worst and foremost effects of anthropogenic
climate change. The following anecdote will serve to showcase how climate change impacts
every aspect of livelihood for Pacific Islanders.
Lony’s grew up in the municipality of Nett on the island Pohnpei in the Federated States
of Micronesia1. She never had anyone explain to her what the Paris Accord ratifications meant
for the UN Small Island Developing States (SIDS) or what the scientific community had
concluded concerning climate change on the Intergovernmental Panel on Climate Change
(IPCC). Lony’s experiences with the notions of climate change were not dealt through printed
books or live media; It was through her everyday realities and being on the forefront of
environmental change in the ocean’s rising sea level and sea surface temperatures, the
prolonged and uncanny instances of rainy and drought seasons, and the episodic coral
bleaching events occurring in the reefs. She has grown familiar with the uneasiness of waking
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"Climate Witness: Pohnpei Micronesia." World Wildlife Fund. Accessed September 1, 2017.
http://www.wwfpacific.org/what_we_do/climatechange/climate_witness/.

up to the sounds of the shoreline waves ebbing and flowing in closer to the foundations of her
seaside home. During peak tidal seasons, the encroaching sea levels can find its way inland to
where the community’s taro patches are found and spoil these vital food plantations.
Lony is aware of the fishermen’s plight who often return home after daylong fishing
trips with barely enough to feed their family let alone sell to the markets for income2. With
each passing year, the dwindling weight and size of reef and pelagic fish stir greater worry
fishing communities that heavily depend on the ocean for their livelihoods. She notices how
incidence rates of diseases spikes during extreme periods of rain or drought. The communal
water sources are stressed and the community is without adequate water supplies to not only
personally consume but use towards their taro and yam plantations and their fruit and
vegetable gardens. The heavy rainy season can inundate smaller gardens and plantations with
stagnant water and wash away crucial topsoil and nutrients. Loni’s elders often bemoan the
island’s harsher climate and reminisce of safer times unmarked by the frequency of typhoons.
Worst of all, she has seen the rising tides devour several islets near her community – where
community members once had plantations.
Through her experiences growing up on Pohnpei, Lony had directly experienced how the
changing climate is directly impacting her community’s food sources and the island’s
environmental wellbeing. Although the nature of locally produced food is a growing problem,
the modern age has provided a quick solution to the food availability problem on the Pacific
Islands – the importation and sale of canned goods and packaged starches often laced with
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Climate Witness: Pohnpei Micronesia." World Wildlife Fund. Accessed September 1, 2017.
http://www.wwfpacific.org/what_we_do/climatechange/climate_witness/.

sugar and preservatives. Because it is easily distributed and is not as labor intensive to produce
than its local alternatives, canned goods and packaged starches –condensed milk, meats, and
ramen—were a sensible solution to the community’s shortage of food. Making the transition
from healthier yet labor intensive local food to convenient canned goods staved off hunger in
the short run; however, doing so to satisfy caloric demands at the expense of nutrition
translated to dismal health outcomes for Pacific Islands in the long run. As the magnitude of
climate change threats increase with time, so too will the island’s dire nature of food security
and it implications on long-term social, economic, and environmental livelihoods.
The goal of this thesis serves to outline climate change effects on oceanic and
atmospheric conditions that influence marine and terrestrial ecosystems. Both estuarine and
coral reef ecosystems are key sources of food for Pacific Island countries and provide a
multiplicity of ecosystems goods and services that attribute to the wellbeing of these countries.
Climate change impacts on terrestrial ecosystems will serve to highlight another aspect of food
security on Pacific Islands. Looking at current and projected climate models to assess the
ramifications to islands’ food security will help to assess economic, health, and social
implications. Chapter 1 briefly describes the traditional food systems of Micronesia and
integrates pertinent data on the four key drivers of climate change: higher mean surface
temperatures, rising sea levels, increasing frequency and magnitude of natural disasters, and
ocean acidification. Chapter 2 defines food security and elaborates on the ecological impacts of
climate change on fisheries and agriculture in Micronesia. In addition to marine ecology, the
importance of coral reefs and how the health of coral reefs are linked to the wellbeing of
Micronesian societies will be explored in this chapter. Chapter 3 will assess the direct, indirect,

and intangible costs of climate change impacts on island economies and natural capital.
Chapter 4 will cover how climate change pose threats to nation’s public health and add to the
crippling burden of Non-communicable diseases (NCDs). Chapter 5 will analyze current
adaptation policies and initiatives that aim to mitigate the negative effects of climate change
and expand on prospects for sustainable development through strategic international
partnerships with the United Nations Developmental Program, Secretariat of the Pacific
Community, and the Global Climate Fund.

Chapter 1. Traditional Food Systems, Colonization, and Climate Data

Figure 1 The Oceania Region – Three sub-regions

Micronesia is one of the three sub-regions of the larger Oceania region, and within it
exists five sovereign nations: The Republic of Palau, The Republic of the Marshall Islands,
Kiribati, Nauru, and the Federated States of Micronesia. The U.S. territories of the
Commonwealth of the Northern Mariana Islands, Guam, and Wake Island are located in the
region of Micronesia as well. Spanning the Western and Central Pacific Ocean, the Republic of
Palau exists on the western most edge of the region with the Republic of the Marshall Islands

occupying the eastern most side of Micronesia and the Federated States of Micronesia being
located between both nations. For the sake of clarity, the term Micronesia will only refer to the
country of the Federated States of Micronesia (FSM) and not include the other independent
nations or U.S. territories. The Federated States of Micronesia is comprised of the four islands
states of Chuuk, Kosrae, Pohnpei, and Yap. This chapter will primarily focus on the impacts of
climate change on these islands’ food security starting with an introduction of the region’s
traditional food system and proceeding influences from western colonizers. Expanding on
western influences on the region’s food system serves two purposed: to show how the food
system in Micronesia has drastically change leading into the modern world and to set a
precedent for the region’s dilemma in integrating traditional foods back into the island diet to
address the region’s epidemic of non-communicable diseases. Subsequently, both current and
projected data on the four key drivers of climate change impacts of rising sea levels, higher
mean surface temperatures, increased instances and magnitude of natural disasters, and ocean
acidification will be discussed in relation to Micronesia’s marine and terrestrial ecosystem and
its effects on food security based on agriculture and fisheries.
The Federated States of Micronesia has had an interesting history living under four
different colonization periods leading up to its independence. In 1886, Spain was the first
European colonizer that made contact with the indigenous people of Micronesia. At the time,
Micronesia was formally known as the Caroline Islands which was named in honor of the
Spanish King Charles II. Spain’s colonization period was quite brief when the islands were sold
to Germany at the conclusion of the Spanish-American War in 1899. German occupation of the
Micronesian islands lasted until the conclusion of World War I when Germany had to forfeit the

islands up to Japan in accordance with the Versailles Treaty under the jurisdiction of the League
of Nations. Unlike its colonizing predecessors, Japan made the most effort to develop the
island’s infrastructure and economy to stimulate a trade surplus with its home country.
Micronesia soon became a strategic frontier for control in the Pacific theatre for both Japan and
the U.S. during World War II. After suffering defeat, Japan had to forfeit possession of the
islands to the UN Security Council under which the Trust Territory of the Pacific Islands was
established. Throughout the 1950’s to the early 1970’s the U.S. was given the responsibility of
spearheading economic development initiatives. Unknown at the time, the US was doing so
under the guise of eventually assimilating the islands as a potential territory or commonwealth
-- similar political status that of Guam and the Northern Mariana Islands respectively.
Micronesia was clearly economically insufficient to sustain itself in electing to be a sole
independent country. Despite its diplomatic efforts, The US failed to sway the island people to
vote for permanent assimilation with the superpower. Instead, the U.S. and Micronesia reached
a mutual compromise in establishing the Compact of Free Association, a bilateral agreement
that affirmed free association – neither territory status nor complete independence from the
US. The Federated States of Micronesia officially became a sovereign nation in 1979 and fully
endorsed the Compact of Free Association in 1983.
Through the millennia, the people of Micronesia have sustained themselves with the
bounties of the land and the sea. Island communities are well-endowed with lands bearing
abundant harvests of staple food crops of bananas, breadfruit, taro, and yams. On the volcanic
island of Pohnpei, it is known to have over 40 different cultivars of bananas, 179 cultivars of
both black and white yams, 50 cultivars of breadfruit, and 4 species of taro with each species

having at least 9 cultivars3. The different cultivars of bananas, breadfruit, taro, and yam that
are found in Pohnpei are dispersed throughout Micronesia. Taro is a very hardy food source
that can withstand strong winds, high salinity, and sandy soils and is very much the prime food
source for populations living in Micronesian islands. Bananas, breadfruit, taro, and yam are the
4 main type of nutrient dense food sources. Bananas provide a source an ideal source for
provitamin-A carotenoids. The darker yellow and orange fleshed cultivars of bananas were
found to have higher levels of provitamin-A carotenoids which could help prevents against
chronic illnesses. Other vitamins and minerals found in banana cultivars are potassium, iron,
zinc, calcium, magnesium, phosphorus, manganese, copper, sodium, vitamin C, Vitamin B2,
Vitamin B1, and Vitamin E. The “Karat” banana cultivar found on Pohnpei contains the most
provitamin-A carotenoids among any food in the world. Though bananas are perennial crops as
well, they lack the nutritional density to satiate a proper Carolinian diet. Breadfruit provide a
great source of carbohydrates and fiber. Based on a 2000 calorie daily diet for an adult woman,
consuming 1000 calories from breadfruit would provide 100% of the recommended daily
allowance intake (RDA) of carbohydrates and fiber and provide 50% of the RDA for thiamin,
niacin, and magnesium, and provide 20% of RDA for protein, vitamin C, iron, calcium,
phosphorus, and manganese4.Taro cultivation is central to all the islands in Micronesia because
of its ability to grow all year round unlike the seasonal crops of breadfruit and yam. In spite of
taro’s starchy nature, it is a rich source of fiber, minerals, and vitamins. Taro consumption in
addition to lean fish protein is beneficial in maintaining nutritional well-being. Along with

3
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Balick, Michael J. Ethnobotany of Pohnpei: plants, people, and island culture. Honolulu: University of Hawaii Press, 2009, 89.
Ibid., 72.

subsistence farming of 4 main food crops, fish and other seafood provide other sources of lean
protein. Reef fish and pelagic fish, like tuna species, are an integral part of the food culture in
Micronesia and serve as the primary sources for protein other than consumption of livestock of
pork or poultry. Octopus and turtle are cultural integral food for Micronesia which caught and
eaten to celebrate marriages and significant religious events, to welcome foreigners, or to
honor newly appointed village chiefs5.
Figure 2 Breadfruit, Taro, Yams, and Bananas

The Pacific region is known to be one of the most vulnerable in the world to natural
disasters and climate change impacts6. Micronesia’s population is particularly vulnerable to
climate change impacts due to its geographical remoteness and dispersion across the country’s
expansive marine territory. Although Micronesia’ has a total land mass of 702 km 2, its Exclusive
Economic Zone (EEZ) spans over 2,900,000 km2 making its total land mass comprising only
0.02% of the nation’s total territory. Micronesia has a population of 105,000 people widely
dispersed throughout two types of islands: the high volcanic islands and the low-lying coral
atolls. Despite the geographical differences between the volcanic islands and the coral atolls,
the four key drivers of climate change impacts are forecasted to have significant adverse effects

5

Petersen, Glenn. Traditional Micronesian societies: adaptation, integration, and political organization. Honolulu, HI: University
of Hawaii Press, 2009, 159.
6 Climate Change & Disaster Management – Pacific Possible Background Paper no.6. 2016. Ebook. Washington D.C.: The World
Bank Group. https://reliefweb.int/report/world/climate-change-and-disaster-management-pacific-possible-background-paperno6, 3.

on the wellbeing of the people inhabiting these islands. All Pacific islands are expected to warm
by at least 1.5 degrees Celsius (2.7 degrees Fahrenheit) before 2050 and up to 3.5 degrees
Celsius (6.3 degrees Fahrenheit) by 2100 based on ensemble of global climate models and
greenhouse gas (GHG) emissions scenarios7. Also, as temperature rise, the frequency and
intensity of heavy rainfall will very likely become the norm8. It is projected that the Equatorial
Pacific will receive up to 35% more rainfall in 2081-2100, however, the intensity of both wet
and dry seasons will increase with time9. Sea level rise will undoubtedly threaten low-lying
coastal areas on both islands and atolls. The worst scenarios for global climate models predict a
rise of up to 80 cm (31.5 in.) by 210010. The frequency and intensity of tropical typhoons will
increase with time as regional temperatures increase. A probable increase in maximum wind
speed, in addition to high coastal water levels and subsequent storm surges, presents an
immense threat to small islands. In the event of storm surges, freshwater resources for island
and atoll communities are likely to be contaminated by saltwater inundation11.
Ocean temperatures are projected to rise by 1.4 degrees Celsius (2.5 degrees
Fahrenheit) by 2050 and by 2.5 degrees Celsius (4.5 degrees Fahrenheit) by 210012. As
atmospheric concentrations of CO2 increase, oceans will become more acidic as they sequester
greater volumes of CO2 from the atmosphere; thereby, lead to reduced amounts of minerals in
sea water that corals need to build their skeletons13. Ocean acidification will lead to the
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Bell, J., M. Taylor, M. Amos, and N. Andrew. "Climate change and Pacific Island food systems." CCAFS and CTA. Copenhagen,
Denmark, 2016, 11.
8 Ibid., 11.
9 Ibid., 11.
10 Ibid., 13.
11 Ibid., 13.
12 Ibid., 14.
13 Ibid., 14.

degradation of coral reefs that serve as a foundation for any marine ecosystem. All four drivers
of climate change impacts have negative implications on the country’s food security. Stronger
winds from tropical storms will have great impacts on the production of the region’s staple
crops of bananas, breadfruit, taro, and yams. Frequent storms could potentially destroy the
islands’ and atolls’ coconut tree plantations – a vital agriculture resource that is used for food,
drink, hut and canoe building, and weaving.
As equatorial sea surface temperatures rise, tuna stocks will shift towards relatively
cooler waters in the Eastern Pacific. Micronesia’s biomass for tuna stocks is projected to see a
20-30% decline leading up to 210014. This has negative economic implications given that the
FSM derives a significant portion of its GDP from its domestic fisheries and it tuna licensing
fees15. Many local people heavily rely on fish and ocean derives products for their food and
livelihoods. Higher sea temperatures would reduce the number of fish that spawn successfully
and affect their growth. Ocean warming will cause greater occurrences of coral bleaching.
Coupled with the effects of ocean acidifications, warming oceans will cause coral reef
ecosystems to deteriorate, reducing their abilities to support fish. As a result, coastal fisheries is
expected to decline by 50% by the century16. Projected sea level rise will reduce the growth of
protective mangroves along coastal communities. If mangrove ecosystems die off, coastal
island communities will become more vulnerable to storm surges and intense flooding without
the protective barriers that mangrove ecosystems provide. Many coral reef and coastal fish

14

Ibid., 19.
Tuna Fisheries - Pacific Possible Background Paper No.3. 2016. Pacific Possible. Washington D.C.: The World Bank Group.
http://pubdocs.worldbank.org/en/858301461833983033/WB-PP-Tuna-Fisheries.pdf, 5.
16 Bell, J., M. Taylor, M. Amos, and N. Andrew. "Climate change and Pacific Island food systems." CCAFS and CTA. Copenhagen,
Denmark, 2016, 20.
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species depend on mangroves and sea grasses as nursey area; if mangroves and sea grass
population decline, so too will fish populations.
The lifestyle and diet of the rapidly growing urban populations as well as declines in
fisheries and agriculture output has influenced native island populations to resort to consuming
processed and canned goods imported from Western countries such as Australia and the U.S.
Despite their ability to meet caloric demands, imported goods are nutritionally inferior to
traditional local foods. However, the trend of imported food replacing traditional food in the
island diet has been occurring for 6 reasons: low cost and convenience, urban migration, lack of
access to land for growing food, increases in disposable income, and lack of awareness of the
consequences of poor nutrition17. Though they are not traditionally grown in Micronesia, rice
and processed flour have become staple foods in of island diet throughout the Pacific. The
ramifications of such a diet are apparent in the high rates of obesity and diabetes found in
many Pacific island countries where 9 of the 10 countries with the highest rates of obesity were
Pacific island countries18. Micronesia was ranked 12 out of 20 for the highest rates of obesity.
Climate change adaptation initiatives that focus on growing certain Pacific food crops – such as
breadfruit, cassava, and giant taro – bred to be resilient to a changing climate provide
opportunities to soften the potential effects on food security and livelihoods across the
region19. Adaptation programs that aim to address food security in Micronesia should abide by
the Food and Agriculture Organization four pillars of food security: availability, accessibility,
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Ibid., 23.
Smith, Oliver. "Mapped: The world's most obese countries." The Telegraph. June 17, 2016. Accessed October 07, 2017.
http://www.telegraph.co.uk/travel/maps-and-graphics/the-most-obese-fattest-countries-in-the-world/.
19 Bell, J., M. Taylor, M. Amos, and N. Andrew. "Climate change and Pacific Island food systems." CCAFS and CTA. Copenhagen,
Denmark, 2016, 23.
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usability, and stability20. Availability is concerned with how food can be produced, distributed,
and exchanged. Accessibility relates to how people can afford and allocate food and have
preferences. Usability deals with nutritional and social value and consumption safety. Stability
is the resilience of availability and accessibility when there are changes in circumstances. The
proceeding chapters will elaborate on how the four climate change drivers impact the
ecological systems of marine and terrestrial environments and how disruptions to these
systems have social and economic impacts on the country’s vulnerable food system and
security.

Chapter 2. Ecological Impacts to Fisheries and Agriculture
Biodiversity is the foundation of any heathy marine or terrestrial ecosystem in the world
and is valuable for two reasons: first, the presence of a panoply of species bolsters the
capabilities and resiliencies of an ecosystem amidst a changing climate; second, biodiversity is
inherently valuable in of itself and to the environments it inhabits21. Also, because biodiversity
refers to diversity at various level of biological organization and can be considered at any
geographic scale, it is important to specify the specific level of organization and scale of
concern. In this case, Micronesia is found in the oceanic biogeography realm, and is
characterized as such given its apparent location in the vast Pacific and low land to sea ratio.
Because Micronesia is composed of varying sizes of low-lying coral atolls and high volcanic
islands with a combined land area of 700 km2 dispersed across a total Exclusive Economic Zone
(EEZ) of 2,939,300 km2, much of the country’s biodiversity is found within its marine

20

Reti, Muliagatele Joe. An Assessment of the Impact of Climate Change on Agriculture and Food Security in the Pacific. FAO
Sub-Regional Office for the Pacific Islands, 2008.
21 Ecosystems and Human Well-Being: Biodiversity Synthesis. Report. Millennium Ecosystem Assessment. Washington D.C.:
World Resources Institute, 2005.

environment and is concentrated in the coral reef and mangrove ecosystems. Ecosystem health
and human well-being are inextricably linked such that ecosystems provide benefits through
crops, livestock, aquaculture, carbon sequestration, capture fisheries, timber production, water
supply, waste management and detoxification, water purification, natural hazard protection,
regulation of air quality, regulation of regional and local climate, and regulation of erosion and
cultural benefits22 A country’s ecosystem and ecosystem services represents a capital asset –
also known as natural capital – but the potential benefits through effective management of its
natural capital are poorly integrated in conventional economic indicators. Biodiversity does not
only contribute to a country’s material welfare and livelihood but also to food and economic
security, resiliency to climate change, and population health23. The four key drivers of climate
change on Micronesia’s and its impacts on the country’s food security are examined through
observed disruptions in both marine – coral reef and mangrove ecosystems –and the terrestrial
environment – forests and coastal plains.

22
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Ibid., 5.
Ibid., 6.

Figure 3 Climate Change Pathways through Atmospheric and Oceanic changes

Projected increases in Sea Level Rise & Atmosphere Temp Rise
Disruptions in ecosystem services are instigated by the removal or introduction of
organisms in ecosystems that disrupt biotic interactions or ecosystem processes24. Because
coral and mangrove species serve as foundational components of both coastal and estuarine
ecosystems in which all most marine goods and services are derived, climate change impacts on
these organisms translate to impacts on Micronesia’ food security, economy, and population
health. The four key drivers of climate change pose to have negative effects on coral reef and
mangrove ecosystems: rising sea levels, higher atmospheric and sea surface temperatures,
ocean acidification, and greater frequency and magnitude of tropical typhoons are impacts
projected. Global sea level is estimated to have already risen by 19 cm between 1901 and 2010.
Estimated from reconstructed sea-level and satellite data indicated that global average sea

24

Ibid., 29.

level has been rising at about 1.7 ± 0.2 mm per year since 1900, and at about 1.9 ± 0.4 mm per
year since 1960. From the satellite record, global average sea level has been rising at 3.2 mm ±
0.4 mm/ year since 1993, indicating a steady increase in the rate of rise25. In addition, since
1993, the rate of sea level rise in the Western Pacific and Eastern Indian Oceans has been about
3 times faster than the global average26. Average atmospheric temperatures have warmed
across the Pacific; Micronesia is situated in the tropical north Pacific in which the rate of
observed warming ranged from 0.05°C to 0.34°C per decade with a mean warming of 0.18°C
per decade27. Compounded rates of warming will have significant implications on future climate
variability and impacts.

Ocean Acidification
Anthropogenic carbon emissions have decreased the pH of oceans by 0.1, from pH 8.21
to pH 8.1 since the advent of the industrial era28. Under the “business-as-usual” scenario, ocean
pH would drop decreased by 0.3 – 0.4 units to pH7.7 – 7.8 if atmospheric CO2 concentrations
were to reach 800 ppm29. Coral reefs also function as vast storehouses of genetic and biological
diversity. The services these coral reef ecosystems provide are habitat construction, nurseries,
and spawning grounds, nutrient, wave-buffering, and sediment stabilization. All coral reefs are
dependent on a single key biotic interaction for food: symbiosis with algae; however, this
relationship proves detrimental when higher levels of dissolved CO2 are in the marine
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Church, John A., Peter U. Clark, Anny Cazenave, Jonathan M. Gregory, Svetlana Jevrejeva, Anders Levermann, Mark A.
Merrifield et al. Sea level change. PM Cambridge University Press, 2013.
26 Becker, Melanie, Benoit Meyssignac, Camille Letetrel, William Llovel, Anny Cazenave, and Thierry Delcroix. "Sea level
variations at tropical Pacific islands since 1950." Global and Planetary Change 80 (2012): 85-98.
27 McGregor, A., and B. Dawson. "Vulnerability of Pacific island agriculture and forestry to climate change." SPC, 2016, 70.
28 Stocker, Thomas, ed. Climate change 2013: the physical science basis: Working Group I contribution to the Fifth assessment
report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 2014.
29 Hughes, Terry P., Michele L. Barnes, David R. Bellwood, Joshua E. Cinner, Graeme S. Cumming, Jeremy BC Jackson, Joanie
Kleypas et al. "Coral reefs in the Anthropocene." Nature 546, no. 7656 (2017): 83.

environment due to ocean acidification. The algae absorbs higher levels of CO2, increases it
photosynthetic process to grow, and spews out oxygen as byproducts. Unable to cope with the
increased oxygen stress, corals resort to expel the crucial algae that provide food for their
polyps – miniscule and vibrant organisms that fortify the coral’s calcite exoskeleton and adds
diverse hues of colors its colony.

Coral Reef & Mangrove Habitat Loss
The combined effects of an acidifying and warming ocean environment are causing
massive coral bleaches events with the three pan-tropical bleaching episodes in the last 30
years due to a 1° increase in global temperatures30. Anthropogenic climate change has induced
an increase in human suffering and economic losses from natural disasters over the past several
decades. Coral reef and mangrove ecosystems– endowed sources of biodiversity – are resilient
natural buffers against storm surges and floods. Their loss or reduction in coverage has
increased the severity of flooding on coastal Micronesian communities. Globally, floods affect
more people than all other natural disasters combined31.
The coastal fisheries of Micronesia consist of four categories: demersal fish which dwell
in coral reef, mangrove, and seagrass habitats; pelagic fish such as the tuna species,
invertebrates for export, and invertebrates harvested from intertidal and subtidal zones32.
Warming oceans are reducing coral reef and mangrove populations that support the sources of
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Ecosystems and Human Well-Being: Biodiversity Synthesis. 70. Report. Millennium Ecosystem Assessment. Washington D.C.:
World Resources Institute, 2005, 30.
32 Bell, Johann D., Johanna E. Johnson, and Alistair J. Hobday, eds. Vulnerability of tropical Pacific fisheries and aquaculture to
climate change. SPC FAME Digital Library, 2011. 37.

these four categories of fish. The health of these ecosystems determines the supply of fisheries
that sustain the island society. Fish is undoubtedly an integral part of the Micronesian diet –
fish consumption is 2-4 times the global average makes up 50 to 90% of dietary protein in rural
areas33.

Changes to Marine Environment
Impacts on Mangrove Ecosystem
The detrimental effects of coral ecosystem degradation on the productivity of coastal
and reef-based fisheries are unequivocal. Shifts in both abundance and composition of fishes
that are targeted by coastal fisheries will decline following extensive coral loss. This follows
result of reliance on coral habitats as well as the prey and food sources that coral rich habitats
provide34.
In addition to a plethora of ecosystem services they provide, mangroves, seagrasses and
intertidal flats serve as nursery areas that for infant fish species and provide feeding habitats
for many species of adult demersal fish; some of which reside on reefs during the day and
forage over seagrasses and intertidal flats at night. Seagrasses and intertidal flats are also
permanent habitats for several species of sea cucumbers, the main group of invertebrates
targeted as an export commodity in the region, and for a wide range of mollusks gleaned for
subsistence. Overall, the range of coastal fisheries resources that depend on mangroves,
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seagrasses and intertidal flats is extensive, with many of these species important to the food
security and livelihoods of coastal communities in Micronesia35.

Figure 4 Mangroves, coral reefs, and seagrass habitats for juvenile fish

The projected changes in temperature, rainfall, nutrients and CO2 are expected to have
minimal effects on mangrove habitat; such changes could work together to increase growth
and productivity. However, the increasing rate of sea-level rise is bound to negate these
benefits. Unable to cope with the impending sea level rise, mangroves on the outer fringes of
the ecosystem are expected to retreat due to their inability to produce enough root biomass to
accumulate soil volume for stability. Despite certain areas with high rates of sedimentation,
mangroves will struggle to thrive given their intolerance to rapid sedimentation. Under
inundation stress, mangrove productivity is likely to decline resulting in higher mortality rates
thereby reducing mangrove forest coverage36.
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Figure 5 Environmental Impacts on Mangrove health

Impacts to Coral Reef Ecosystem
Oceans serving as carbon sinks in absorbing 25% of anthropogenic carbon emissions
helps regulate atmospheric CO2 concentrations. Upon dissolution, CO2 combines with sea
water and creates carbonic acid, which interact with carbonate ions, turning them into
bicarbonate ions. Essentially, ocean acidification occurs when the process results in a
precipitous decline in carbonate ions. Lack of higher concentrations of carbonate ions in the
ocean environment hampers the calcification rate of reef-building coral and similar
organisms37.
Warming of the tropical Pacific climate may gradually increase the intensity of tropical
cyclones by 6–12% which is equivalent to about half a cyclone category over the remainder of
the century. Any such increases will have severe ecological implications because a typhoon’s
dissipated energy increased as the cube of its maximum wind speed. Rainfall is projected to
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increase by 5–20% in 2035, and by 10–20% in 2100 increasing the likelihood of severe flooding.
Coral reefs are extremely sensitive to physical damage caused by typhoons and storms because
damage escalates non-linearly with increasing maximum wind speed. Low salinity, higher
turbidity and nutrient-rich waters brought on by storm floods will further add on to potential
reef mortality38.
The combination of ocean acidification with other factors that stress corals may also
lead to compounding effects. For example, the thermal threshold at which some corals bleach
decreases when they are exposed to more acidic conditions. The combination of high SST and
increased acidity also leads to a more dramatic loss of coral reef productivity than if each factor
acts on its own. There are also likely to be various unforeseen scenarios given the complexity of
the situation. A potential concern is that coral communities and skeletons weakened by
bleaching and ocean acidification could be damaged more severely by more intense storms
thereby accelerating reef degradation.
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Figure 6 Environmental Vectors on Coral Reef Health

Changes in fish sizes and spawning habitats
A study by Cheung et al. found that higher sea surface temperatures induced by higher
GHG emission will likely speed up the metabolic rate of land-based ectotherms – organisms
that rely on external sources for body heat – and comprise their physiological response to
changes in temperature and oxygen levels. This could ultimately cause a reduction in
bodyweight and in catch sizes for coastal and pelagic fish such as tuna that are central to the
island’s fisheries industry and economic livelihood39. Due to the strong influence of El Nino –
Southern Oscillations (ENSO) on tuna abundance and distribution in the Western Pacific, there
is significant concern that higher sea surface temperatures and pH levels will alter oceanic
chemistry with potential to disrupt oceanic food webs and tuna resources. A changing climate
can spell unpredictable variations in ENSO which can affect the distribution and migration
patterns of both adult and juvenile tuna stocks as well as the impact the survival of fish larvae.
Such are the concerns with skipjack tuna stocks that make up the majority of tuna harvested
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within Micronesia’s EEZ. Climate change projections that take into account higher water
temperatures, reduced dissolved oxygen, changing ocean current, and increased ocean
acidification will have physiological repercussions on tuna species’ abundance, distribution, and
survival. Fish species that are able to efficiently utilize their oxygen supplies will tend to have
better geographical and thermal distributions.
`There are two foreseeable problems in how higher SST will affect tuna reproduction:
altered spawning location and success and species distribution outside spawning season 40. As
tuna species tend to return to the tropics to reproduce, they will face challenges of overheating
and be limited in their physiological capacity to tolerate certain pelagic zones. Therefore, this
may cause tuna species to adapt to its changing environment by shifting spawning grounds
away from the tropics or by arriving to spawning grounds earlier. This has implications on not
just juvenile feeding success and survivability but economic ramifications for tuna fisheries
industry in Micronesia. The second potential impact relates to changes in the distribution of the
fish outside the spawning season. Tuna species such as skipjack and yellowfin tuna are more
likely to inhabit deeper habitats where water temperature are optimal for physiological
processes. However, projected decreases in dissolved oxygen concentration with depth ranges
may compound with increasing temperatures to create vertical migration friction for the most
sensitive species. Due to tuna stocks having to shift deeper towards cooler water, tuna
fishermen, whether local or commercial, will have to expend greater resources to increase
catch probabilities.
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Changes to Terrestrial Environment
Effects of temperature changes
Higher atmospheric temperatures are likely to induce heat stress and increased
evaporative water loss for all agricultural crops. Due to the high relative humidity of the Pacific
islands, higher temperatures are likely to exacerbate heat stress. All plants will have a greater
demand for water to coup with the hotter climate and could potential reduce growth and yield
rates across the agricultural spectrum. Regional temperature models for the tropics and subtropics show that 1°–2°C increases are bound to stifle agricultural yields as plants struggle to
survive past their optimal heat tolerance range41. Crop quality is directly affected by a warming
climate. Higher ambient temperatures are show to lessen vitamin content in fruit and vegetable
crops which can further add to nutrition and public health matters for island nations 42. Extreme
temperatures will also be disruptive towards agricultural farm labor and could further add
towards the overall decline in agricultural yields.
Effects of changes in precipitation
Episodes of heavy rainfall and drought are projected to be damaging towards both
commercial and subsistence agriculture in terms of crop failure, seedling damages, and
restricted access to markets. Other than total rainfall, other factors that will affect plant growth
will be the seasonal distribution between expected wet and dry seasons that have the potential
to span past previously recorded extremes43.
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Effects of sea-level rise
The rising of sea levels swallow up the limited supply of arable, coastal lands that are
traditionally reserved for taro patches near mangroves and the prevalence of tropical storms
destroy breadfruit, coconut, and banana trees. Essentially, threats to sources of these four
traditional crops sustain all life on the islands and the water supplies of Micronesian islands are
compounded by the drivers of climate change. Rising sea levels and higher atmospheric
temperatures are reducing freshwater supplies due to salt water intrusion and increased rates
of evaporation. On the low-lying atolls, the diminishing freshwater lens – drinkable water
supply beneath the atolls that floats above the denser seawater – is a dire threat to the
people’s survivability44.
Effects of tropical cyclones on agriculture
Although the frequency of tropical typhoons in the Pacific Ocean may decrease or
remain constant, the magnitude of severity is projected to increase throughout the century and
wreak havoc on the islands’ agriculture and agroforestry sectors. Other foreseeable damages
include increased sedimentation runoff into fresh water supplies and influence of water-borne
illnesses45.
Food insecurity due to losses in agricultural productivity
Yams, bananas, taro, breadfruit, cassava, introduce types of blights and diseases affect
yields and how a changing climate might increase prevalence rates. The overall dangers that
climate change pose to the island’s agricultural food production point to potential reductions in
plant growth and yield due to constraining environmental conditions. Therefore, food security
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is at grave risk due to a combination of changing climate factors. Concerning the health of the
soil – the recycling and replenishing medium of the terrestrial environment – it is of utmost
importance to partake in soil management initiatives that aim to retain the soil’s essential
qualities to bolster plant productivity amidst a changing climate.
Food insecurity due to losses in coastal and oceanic productivity
Harvesting enough fish to meet protein demands will not suffer as much as fisheries productivity
is expected to decline under the projected changes in fisheries productivity due to environmental
changes. Although tuna stocks such as skipjack and yellowfin tuna stocks that make up the bulk of
subsistence and commercial fisheries are expected to shift eastwards, decline in tuna production will
minimally affect food security. The main problem ahead in terms of fisheries and food security is the
means of adequate transportation and distribution of surplus fish supplies from rural to urban centers.
Therefore, food insecurity in terms of access to fresh fish is of utmost importance in regards to fisheries,
development, and increased consumption of lean protein to offset food imports of chicken, pork, and
beef products that have become a bigger part of the island diet.
Fish supplies gleaned from coastal and freshwater areas will most likely be affected by higher
surface temperatures that could affect fish productivity in shallow waters. Coastal mangrove and coral
reef populations are more likely to decline which could have a negative trophic cascade on fish
populations in the long-term if the continuation of excess carbon dioxide emissions break pass the 2
degree Celsius threshold agreed upon in the Paris Accord to curb global carbon emissions.

Chapter 3. Economic Perils of Climate Change

Figure 7 Federated States of Micronesia EEZ

Economic value of Global Coral Reef Ecosystems
Although coral reefs span a mere 0.2% of the global ocean, they offer habitat for 25% of
all marine species and are also known as “tropical rainforests of the oceans” for
accommodating high biodiversity in terms of both species richness and diversity. Coral reefs
also provide annual economic goods and services valued at $30 billion dollars in building
materials, coastal protection, fisheries, and tourism46. Direct economic losses on coral reef
ecosystems due to increases in sea surface temperatures (SST) and ocean acidification vary
under four different climate projections: RCP2.6, RCP4.5, RCP6.0, and RCP8.5, where the values
represent peak radiative forcing dependent on varying levels of global greenhouse gas
emissions. RCP2.6 represents the low emissions scenario characterized by cutbacks in GHG
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emissions that limit global mean temperatures within a 2°C increase. RCP8.5 represents the
“business-as-usual” scenario with considerable increases in GHG emissions.

Figure 8 IPCC Carbon Emission Scenarios

Coral reefs are sensitive to elevated sea temperatures because – in the presence of
abnormal thermal stress – coral species suffer a breakdown in their symbiosis with
zooxanthellae. This process, known as bleaching, reduces the performance of the coral host,
which receives most of it organic carbon from the symbiont47.The ocean absorbs about 25% of
the anthropogenic CO2 emitted to the atmosphere. Ocean acidification occurs when CO2
dissolves in the water and forms carbonic acid resulting in a decline the oceans pH 48. Declining
ocean pH compromises the reproductive and calcite forming capacities of shellfish and similar
organisms; as a result, their populations in the marine habitats is projected to decline. Other
organism such as zooplankton and larvae stages of organism are the most vulnerable to an
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acidic environment49. This poses a major problems in the marine food web since zooplankton
are the producers in a food chain. Their decline in abundance could set off a negative tropic
cascade and ultimately affect fish sources for subsistence and commercial fisheries.
In an empirical study, researchers found that a 1% increase in SST causes a 2.26%
decrease in coral coverage50. They also found that the 1% increase in CO2 concentration causes
a 0.61% decline in global coral coverage. The climate change projections show that coral reef
coverage declines between 6.65% (under RCP2.6) and as much as 27.58% (under RCP8.5
scenario). Globally, economic losses to coral recreation and tourism is valued at $1.88 to $12.02
billion annually. Depending on RCP climate scenarios, economic losses to coral reef ecosystem
services ranged from $3.72 to $23.78 billion annually. Commercial fisheries could potentially
incur total losses of $49 to $69 billion, with annual losses reaching $5.4 to $8.4 billion under a
high-emission scenario by the end of this century. By shifting from a high-emission pathway to
RCP6.0, the world’s economy could avoid estimated consumer surplus losses realizing a present
value of between $14.6 and $20.6 billion in benefits present value at a 3% discount rate51.
In a study evaluating the impacts of ocean acidification impacts of on future food
expenditures, reef fish price changes were not economically significant finding that a decrease
in supply would not dramatically increase reef fish prices from $1.80/kg (2006) to $3.0/kg
(2100)52. The situation of most concern would be the projected losses of up to 90% of fish
quantity regardless of market price that would disrupt subsistence fisheries that serve as
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primary sources for protein for many people. Projected reductions in reef fish quantity are
likely to reduce the economic well-being whose livelihoods depend on coastal fisheries53.
Fisheries is an integral part of Micronesia’s cultural heritage and it economy. The
FSM has an annual per capita fish consumption of 69.3 kg, 92% or 63.75kg, was fresh fish 54. For
rural areas, the figure for the per capita consumption of fish was 76.8 kg whereas urban areas
had a value of 67.3kg. Given that Micronesia’s landmass of 702 km2 and boasts an Exclusive
Economic Zone (EEZ) of 2,978,000 km2 the country derives most of its economic benefits from
its expansive oceanic territories in terms of coastal and oceanic fisheries. FSM has a relatively
large average area of coral reef per capita; its currently has 15,074 km2 of coral reef, 86 km2 of
mangroves, and 44 km2 of seagrass coverage55.Coastal fisheries are made up of four fish
categories: demersal, nearshore pelagic, invertebrates for export, and invertebrates extracted
from intertidal areas56. The projected changes to coastal fish habitat under RCP2.6 and RCP8.5
scenarios show that coral coverage will decline by 25 to 65% by 2035 and by 50 to 90% by 2100
respectively. Under the same scenarios, mangrove coverage will decline by 10% by 2035 and 50
to 60% by 2100. Seagrass coverage is projected to decline by 5 to 10% in 2035 and by 10 to 30%
by 2100. These projected declines in coastal habitats translates to negative changes coastal
fisheries production. Of the four categories, the projected decline for demersal fish production
suffers the greatest loss in production of 20 to 50% by 2100. Nearshore pelagic, targeted
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invertebrates and intertidal invertebrate production is projected to decline by 15%, 20%, and
10% respectively57.

Fisheries contribution to Micronesia’s Gross Domestic Product
FSM’s GDP in 2016 had a value of 322 million dollars with a population of 105,000
people resulting in GDP per capita to be about $3,022. Both coastal and open sea fisheries
contribution to GDP contributed an average of 11.45% from 2009 to 201458. The bulk of the
nation’s fisheries contribution to GDP came in the form of fishing access fees sold to foreign
vessels to pursue tuna fishing activities within the FSM’s EEZ. From 2010 to 2014, fishing fees
brought in an average of $29,100,000 in fees revenue. Tuna fisheries for albacore, bigeye,
skipjack, and yellowfin species underpins most of the value added activities in the nation. In
2014, coastal fisheries contributed $11,230,000 and oceanic tuna fisheries contributed
$35,915,565 with the combined fisheries total of $47,145,565 contributing 14.8% of
$318,100,000 in fiscal year 201459. For the figure below, subsistence fisheries was not included
in the calculation for coastal fisheries.
Climate change drivers of SST and ocean acidification would incur direct economic
impacts in the form of reduced catch rates and loss of fishing fee revenue. Distribution
modeling conducted by the SPC on two of the region’s four tuna stocks, skipjack, and bigeye,
suggest that in 20 years the sizes of the stocks will not be affected by climate change rather the
distribution of the stocks may begin to shift towards the central and eastern Pacific. These
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changes in tuna stock distribution could have potentially significant implications for tuna
fisheries revenue60. Other direct costs could be burden by coastal communities depend on
coastal fisheries for income. In the FSM, 50% of coastal populations derive their first or second
incomes by means of catching and selling fish61. Indirect economic impacts occur in the form of
health expenditures as people’s find it difficult to source healthy food due to declines in
traditional agriculture coastal fisheries production. As coastal habitats decline, coastal fish
stocks are projected to decline as well forcing fishermen to travel further out to the reefs.
Whether traveling by traditional canoe or gas-powered boats, there are time costs with the
canoe and fuel costs to power motors. Climate change drivers are negatively affecting the
livelihoods for coastal communities as well as reducing the major avenue of economic
development through fisheries.

Figure 9Fisheries Contribution to GDP

Fishing Access Fees Contribution to Government Revenue
The recent price increases to the Vessel Day Scheme (VDS) used in the Parties to Nauru
Agreement (PNA) helps to bolster Pacific Islands’ government income stream. Essentially, the Parties to
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Nauru Agreement serves as a way for the eight participating Pacific Island Countries to sustainably
manage the world’s largest tuna resources and to ensure steady income streams for island
governments. Below the box shows the FSM government has managed to capitalize on its largest
resource. Given the increasing proportion of government revenue is dependent on the demand for
fishing licenses driven by global tuna demand and productivity, it is highly probable to see the cascading
effects of climate change being detrimental to FSM’s source of government revenue.

Figure 10 Fishing access fees contribution to government revenue

Economic Challenges and Implications of Outward Migration
The World Bank Group characterizes the FSM as a lower middle income country. Aside
from climate change issues and the associated risks to FSM’s society, there are economic
challenges that are difficult to address due to the nation’s geography. Because it is an island
nation composed of hundreds of islands, the FSM’s efforts at economic development is often
hindered by its geographical isolation, highly fragmentized islands, and underdeveloped
transportation infrastructure. Pacific island countries in general are often physically isolated
from foreign markets; Moreover, FSM’s small population and stage of economic development
leave them with relatively limited domestic markets. Although communication in most of the
Pacific countries has improved in recent decades, their remoteness remains a major challenge to
economic development.
Compact of Free Association (COFA) Funding from the United States provides the FSM
with an average of $80 million dollars in federal grants towards education, health, environment,

public capacity building, and infrastructure sectors62. Other than Compact funds, government
revenue is generated primarily through the selling of fishing license fees. Through these fees
established the Parties to Nauru Agreement (PNA), the participating islands economies are able
to reap economic gains from their largest resource – each island nation has an expansive
exclusive economic zone and access to the world’s largest supply of tuna stocks. Under the
changing climate conditions that influence how tuna stocks grow, reproduce, and migrate across
the Western Pacific; there is a growing worry that known climate change impacts are adversely
impacting both coastal and oceanic ecosystems directly impacting food sources gleaned from the
sea. Pacific island economies, such as the Federated States of Micronesia, may soon find that
their primary source of revenue may slowly dwindle throughout the 21st century. The foreign
fisheries industry is a vital source of revenue for the government in terms of fishing access fees.
Increased outward migration is also another issue to look at to see how the concurrent
environmental forces are driving voluntary and involuntary migration.

Figure 11 Drivers of Outward Migration
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The Role of the Compact of Free Association and Economy
The Compact of Free Association (COFA) between the United States and the FSM
enables FSM citizens to freely move between the two countries. FSM citizens may have legal
employment status in the US without the need for a Green Card or Visa. FSM students in
pursuing higher education may also qualify for federal grants administered through the Free
Application for Federal Student Aid (FAFSA). These travel and employment provisions serve as
the pull mechanisms of outward migration from the FSM into the US. Conversely, the impacts of
sea level rise and crop failure due to unfavorable environmental conditions serve as the push
mechanism of outward migration. The steady outward migration pattern has increasingly
supported the “brain drain” phenomenon --- where the country’s population slowly loses its labor
force and valuable human capital crucial for the nation’s economic development.

Figure 12 Number of FSM Citizens emigrating abroad

The government is the largest employer in the islands – serviced through both the state
and nation government. Wages from the public sector are twice as higher than private sector
wages63. This is due to underdevelopments in the private sector and limited lucrative business
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opportunities. The FSM does not have any manufacturing industries. Government infrastructure
projects are the primary force that drive growth in the construction sector. Construction growth
make up the bulk of the years in which national GDP is positive. They tend to be macroeconomic
shocks to the economy and GDP tends to wane when construction projects subside. It may be
intuitive for a nation to develop it commercial fisheries industries give that the country has
expansive access to global tuna stocks. However, this is not the case with the FSM. Tuna
fisheries and processing is an underdeveloped section of the economy due to its geographical
isolation – it is placed at the farthest end from major tuna markets in South Korea, China, Japan,
and the US. FSM only has a 103,000 people with large proportion of the population relying on
subsistence farming and fisheries. The miniscule labor force cannot compete with the larger
labor force, higher productivity, and lower energy costs of tuna processing plants in Southeast
Asia. Although the advantage of having access to large tuna stocks, it is unable to contend
against the comparative advantages of the tuna industry in Southeast Asia.

Food Insecurity and Public Health
Concerning implications for food security, the FSM has a relatively large average area of
coral reef per capita. Taking the effects of population growth and climate change into account,
it is expected that the average availability of demersal fish per person to be greater than 150 kg
per year under the A2 scenario by 2100. However, distributing the production from remote
reefs to population centers is likely to be a major obstacle in the availability of fish64. Food
security, which was once highly associated with traditional agriculture and subsistence
fisheries, has assumed a different connotation for the Pacific countries amidst climate change
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impacts and globalization. Climate change has influenced trends of rapid urbanization,
increased food importation, and shifts away from traditional and subsistence production
systems. Consequently, these factors have contributed to the rising vulnerability of food
security in the Pacific region as well increasing rates of non-communicable diseases attributed
to shifting lifestyles and food sources65.

Chapter 4. Rising Tides and Poor Health
Food security in the Micronesian islands has deteriorated over the past five decades in
spite of numerous regional development plans intended to bolster greater self-sufficiency in
food production and consumption mainly through improved local production. There are four
key issues concerning food insecurity within the region: high national costs of food imports,
malnutrition, higher incidence rates of non-communicable diseases, and the social costs
attributed to dietary shifts in the modern island diet.66
The crux of the food insecurity problem stems from the growing decline in primary
productivity of subsistence agriculture and coastal fisheries. As previous mentioned in former
chapters, major declines in agricultural and fisheries productivity is attributed to the four major
drivers of climate change. Socioeconomics factors such as lack of income and inadequate
communication and transportation infrastructure also contributed to the public health
outcomes of the FSM. Historically, Pacific Islands were once colonized by European countries
like Spain, Germany, and Great Britain. One of the lingering effects of European contact was
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dubbed “dietary colonialism”: The diffusion of western goods of canned or preserved foods into
island diets that were typically laden with sugary or salty additives.
As the FSM found its footing as an independent nation, its eventual and gradual
absorption into a global economy translated to an even greater dependence on imported food
from the West. Because island societies attached notions of prestige and modernity to
consumption of imported foods, the cash-earning population soon found themselves increasing
consumption of canned goods in their diets. Shifts in preferences for sugar and salt were major
factors for increased consumption – local food alternatives could not vie against our instinctual
cravings for sweet and salty foods. Having quick access in cooking, purchasing, or storing
canned goods was an added boon to shifts in consumption. Variety of imported foods was the
most appealing factor for populations located on low-lying atolls. It is sensible to see how a diet
consisting of variations of four major food crops could eventually become vapid to our taste
buds. In contrast, imported food became a necessity for certain urban areas where wage
earners did not the land or time to grow their own food. Also, imported food was ironically
cheaper than local food. This is explained by the lack of transportation infrastructure
connecting the rural and agricultural lands to major urban areas that may or may not have an
established food market. Mass marketing and direct promotion of certain goods like rice,
bread, and sugary drinks as “Micronesian” brands boosted sales and consumption.
The Micronesia economy, what was once a purely subsistence economy, has adopted
the mechanisms of a market economy; the introduction of a cash-based economy has lured
people away from the traditional way of subsistence agriculture and fisheries. Gradual

absorption into the market economy influenced the island people to allocate less time and
resources in local food production.
Declines in agricultural output has been attributed to higher atmospheric temperatures,
droughts, increased frequency of tropical storms, heavier sporadic rainfall, and increasing sea
level. Because land, let alone arable land, is a highly scarce resource, climate change impacts
that further reduce the amount of land available will definitely limit the island’s agricultural
productivity. The cultivation of cash crops such as sakau (Piper methysticum) and betel nut
(Areca catechu), changing social perceptions of agriculture, fragmentation of land plots through
inheritance, price fluctuations for local food were responsible for the shifts in usage of viable
agricultural land. As FSM slowly developed in the 21st century, the prospects of modern
education and higher public-sector wages also led to adverse changes to the island diet.
Integration of the local food system is buttressed by developmental problems characteristic of
island economies such as geographical isolation and high production and transportation costs.
The limited and unskilled labor force prevents any industry from harnessing the benefits of
economies of scale in production. Distant rural villages that rely on agriculture for their
livelihoods find it difficult to transport surplus goods into urban markets amidst high fuel costs
and inadequate transportation infrastructure.
Higher instances of tropical storms and climate anomalies has discouraged many
farmers from participating in certain agricultural activities like pit cultivation of taro. Because of
its labor-intensive component, Taro pit cultivation takes enormous amount of invested time
and labor to produce varieties of giant swamp taro which are often highly susceptible to salt
water. The heightened concerns of sea levels rise posing a greater likelihood for salt water

intrusion or inundation to spoil these crops. It takes three years for this main staple crop to
reach maturity. So in the event of salt water intrusion, crop spoilage results in major setbacks
in time, effort, arable land, and food supply.
Since the youth and young adults (0-24) account for 50% of the total population,
demand for imported food is driven primarily young people67. Modernization of the island
society has left many young people without firsthand experiences of living of the land. Rather,
many have grown accustomed to the conveniences of instant communication, packaged food,
online retail, etc. In the past, Pacific island economies were distinguished by limited
monetization and the existence of a resilient agricultural and fisheries food system that
functioned as a “safety net” and a contingent alternative when price of commodities dropped;
however, as traditional agricultural lost its social footing and economic development plans
espouse market oriented approaches68. Natural capital degradation occurred as a blend of
climatic, social, economic, and political factors causing the “safety net” to deteriorate over time
entailing food security and exit from globalization difficult endeavors. Habitat destruction and
overexploitation of coastal and tuna fisheries likened to the Tragedy of the Commons caused
declines in fish products derived from both coastal, reef, and open-access fisheries.
The nation’s population health, associated with declining food production and reduced
diversity of local food availability, is a result of a combination of economic and sociological
factors fueled by climate change impacts. This has resulted in the growing incidence of non-
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communicable diseases such as heart disease, obesity, diabetes, and high blood pressure that is
heavily attributed to the nation’s growing dependence on imported food. The traditional diet
consisting of local produce, fresh fish, root crops, breadfruit, bananas, and coconut juice is now
being replaced with modern diet staples of canned fish, corned beef, white rice, refined breads,
instant noodles, and sugary carbonated drinks69.

Figure 13 Relationships between factors affecting health on the islands

The Burden of Non-communicable Diseases
Changes in nutrition is associated with declines in local food production and diversity as
well as shifts in preferences and tastes, low incomes, growing dependence on imported canned
good, poor quality of processed food and drinks70. These heavy shift and dependence on
imported food has resulted in high prevalence rates of non-communicable diseases across the
islands in the FSM. Most of the labor force employed through the government have adopted
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more of a sedentary lifestyle – one of complete contrast to the active and often laborious lifestyle
of islanders before modernity. The combination of a diet dependent on western foods and a
sedentary lifestyle has greatly contributed to the metabolic risks that tend to lead to heart disease,
diabetes, high blood pressure, and chronic lung and kidney diseases.

Figure 14 Risk factors for death and disability

The figure above shows that metabolic risks such as high body-mass index, high fasting
plasma glucose, and high blood pressure have remained in the top 5 ranking for risks of death
and disability in Micronesia. Unfortunately, the prevalence of these metabolic risks has increased
19% from the time span of 2005 to 2016. High blood pressure sees the largest increases overall
and ties into with the top three metabolic risks. We can see that metabolic risks of high total
cholesterol and impaired kidney function has ranked higher in risk factor hierarchy. On a better
note, malnutrition and air pollution have significantly decreased in the 11-year time span.
Behavioral risks such as tobacco smoking and dietary choices remain major risk factors driving
death and disability rates.

Figure 15 Causes of premature death

If left unaddressed, metabolic risks often spell dire health outcomes in terms of
noncommunicable diseases. Both Ischemic heart disease and cerebrovascular disease, having to
do with poor oxygenated blood supply to either the heart or the brain, remain the top two causes
of death in Micronesia. Diabetes maintains it position as the third leading cause of death. Death
due to diabetes and its complications has increased by nearly a third from the period of 2005 to
2016. Given that the top eight causes of death have remained in their respective order suggests
that efforts to curb mortality rates attributed to non-communicable diseases have not been
adequate. Efforts to address the burdens of death and disease stem primarily from metabolic risks
that are often a result of poor dietary nutrition. Other social determinants of health such as access
to healthy food and income might be significant factors to look at when looking to enact health
policy. Because the quality and frequency of access is often tied to income levels, economic
policy that promotes healthcare coverage and incentives could be viewed as health policy.

Chapter 5. Changing Perspectives: Small Island State to Large Ocean State
The FSM government along with its strategic financing and developmental partner
organizations must focus on fostering resilience in the Micronesian islands though three major
pathways: food systems, water availability, and coastal infrastructure. First and foremost, the
imminent threat of rising sea levels is well established in coastal communities. For many Pacific
Island Countries, climate change impacts are forcing certain populations – those situated in
low-lying atolls outside the reef – to seek refuge on the larger volcanic islands. In turn, the more
economically developed islands are facing an increasing urban population. Some of those who
are financially capable choose to emigrate abroad to U.S. territories and states such as Guam,
the Commonwealth of the Mariana Islands (CNMI), and Hawaii. The impacts of climate change
are acting as a “push” mechanism for island populations to emigrate in search of stable
environments whereas the prospects of high paying jobs relative to island wages serve as the
“pull” mechanism71. This growing trend has become the basis of the “brain drain” phenomenon
occurring throughout the Pacific islands. This brief insight of migration in the Pacific serves to
highlight the importance of program initiatives that aid in economic development. Much of the
adaptation policies put forth by international agencies such as the UN Developmental Program
(UNDP) and the Secretariat of the Pacific Community (SPC) entail policies recommendations in a
broad context. Adaptation solutions should encompass a multi-faceted approach to addressing
the economic, health, social, and political impacts of climate change in the Pacific region.
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Because food insecurity is a dire issue in Micronesia, policies that support extensive
funding and research in the island’s food system is encouraged. Although traditional agriculture
is the primary means of local food production, other sustainable agricultural methods such as
hydroponics could be used to increase food production capacities and serve as another means
to generate income. Though there are limitations to what farmers could grow in hydroponics,
local markets and hotel fetch fair prices for a steady supply of leafy vegetables. The
Micronesian government could partner up with Hydroponics of the Pacific (HOP) – a company
based out of the College of Micronesia – to help set up and teach farmers how to combine
traditional and modern practices of agriculture to increase local production of healthy food and
disposable income. This partnership could also serve as a campaign to increase awareness and
consumption of locally produced food that is nutritionally superior to imported food and
supportive of the local economy. These initiatives also addresses the nation’s dire public health
situation where over 30% of the population suffers from non-communicable diseases such as
heart disease, diabetes, hypertension, and cancer72. Micronesia’s expansive waters are
advantageous for developing open-sea aquaculture projects that cultivate high-value macroalgae species such as kelp or seaweed. Other species of bi-valve organisms such as clams and
sea sponges could be integrated to create greater economic value for such aquaculture
projects. Large-scale macroalgae cultivation draws in dissolved carbon dioxide and helps
decrease acidity levels in surround waters by means of photosynthesis. Aquaculture projects
with these goals in mind could easily receive funds from the Global Climate Fund (GCF)
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administered by the nation’s accredited Micronesian Conservation Trust (MCT) 73. Other means
of strengthening food security in the nation involve scaling up the numbers of breadfruit
orchards given that there are nutritionally dense and highly demanded in local markets.
Water supply security is a high concern for Micronesia, especially for the communities
on low-lying atolls. Rising sea levels threaten the freshwater lens that is stored beneath ground
level. The receding freshwater lens will undoubtedly force low-lying atolls populations to
abandon them ancestral lands. Having adequate freshwater supply is crucial for food
production as well as for cooking and sanitation. Public water infrastructure is prematurely
developed. Public projects have yet to be fully implemented due to halts in grant funding from
the United States. The national government failed to meet certain accountability guidelines and
project completion reports which resulted in a suspension infrastructure grant funding. Public
policies that ensure timely funding of such crucial infrastructure should be implemented to aid
in developments in public health and infrastructure. Budget allocation for water catchment
installations for villages across the main islands is highly recommended.
Building coastal resilience for communities for prone to rising sea levels and storm
surges is a top priority for Micronesia’s government agencies. Building sea walls is the most
sensible short-term solution to minimizing damage and maximizing time for coastal
communities to shift inland. Until further discoveries are made known about Roman concrete –
concrete mix that is strengthen in exposure to sea water – costs of building and maintaining sea
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walls will be costly for the nation. The government should aim to prioritize infrastructure
expenditures towards developing sea walls and maintaining coastal roads that connect
municipalities on the main islands. Micronesian leaders must also see the importance of
working together with the youth and citizens abroad in developing a resilient society and
economy. The struggle to survive, let along thrive, is common rhetoric among Pacific island
nations. It would be arrogant to say that initiatives in Micronesia alone will mitigate the global
effects of climate change. Perhaps an effective approach to resiliency starts with a combined
narrative of the other Pacific Islands who are fighting to keep their island culture and
livelihoods alive.

Importance of Non-government organizations and Multilateral Relationships
The FSM government has many strong ties with international organizations that seek to
help developing countries, especially the Small Island States of the UN, adapt and mitigate the
effects of climate change. Assistance from these organizations may come in the form of grant or
co-financing opportunities going towards climate adaptation and mitigation projects. Seen in the
figures below, many of the international NGOs and government relationship present
opportunities for technical and financial assistance.

Figure 16 Compiled list of local and international NGOs and foreign government relationships

The Significance of the Global Climate Fund
The Green Climate Fund was established by the United Nations Framework Convention
on Climate Change (UNFCCC) as a financial mechanism for certain nations to have access to
billions of dollars of grant funds in instituting key adaptation and mitigation projects against
climate change. Since the FSM is identified as being a country highly vulnerable to climate
change impacts, it was recently approved to receive funding opportunities administered through
a Nationally Designated Authority (NDA) to the Green Climate Fund.
The FSM Department of Finance and Administration released an extensive report
detailing the number of initiatives that have been developed to usher climate adaptation and
mitigations projects spanning food and water security, climate resilient infrastructure, renewable
energy, communication development, and disaster risk management programs74.
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Figure 17 National climate adaptation and mitigation plans and potential costs

The compiled data on climate adaptation and mitigation projects show that a total of
$1.45 billion dollars is projected to be spent over a 5-year period until 2023. This amount is over
4.5 times national GDP and will prove to beneficial to economic development until the financial
provisions of the grant funding of the Compact of Free Association (COFA) ends in 2023.
Although the Green Climate Fund will play a tremendous part of the financing climate
adaptation projects in the FSM, it will bear the entirety of the costs. The GCF is only meant to
finance climate change infrastructure and will not go towards all the national programs that cover
climate change. Therefore, the FSM government must allocate financial resources from its
fishing fees deposits and secure co-financing agreements with its partnerships with international
organizations such as the IMF, World Bank, and the UNDP. Grant funding from the government
of Japan, Australian, New Zealand, China, and Taiwan are other strategic partnerships to include
in financing these large-scale climate change projects.
Other infrastructure grant funding to tap into include the $150 million Infrastructure
Development Fund that the FSM has left to accumulate in COFA unallocated funding pool.

Improved fiscal policy over the past years has helped turn out budget surpluses. If the FSM
manages to efficiently coordinate efforts between its finance and budget department, GCF,
NGO’s, and foreign alliances, it is projected that financing for all the climate adaptation and
mitigation projects will be adequately funded.

Climate Resilience in accordance with the Sustainable Developments Goals
Climate change and environmental health are inextricably linked to the three sectors with
the most potential for economic developments in the FSM: fisheries, agriculture, and tourism.
Because of this, the following recommendations in these five core pillars of economic resilience,
food and water security, infrastructure development, health and gender equity, and education will
play huges roles in driving sustainable development on the Micronesian islands.

Economic
Resiliency

Education

Health &
Gender Equity

Food & Water
Security

Infrastructure

Figure 18 Five core pillars for sustainable development

Fostering economic resiliency entails a vibrant agriculture and fisheries sector that is able
to bounce back from any environmental circumstances. Developing a larger base for seaweed,
algae, or kelp aquaculture may be a viable option to mobilize the labor force of rural populations
as well as provide another source of income for those who still remain in the subsistence and
grow and catch their own food. Public campaigns in reducing imported food consumption could
help stimulate the local economy in terms of import substitution. At first, the local economy may

not be able to fully produce all import substitutes but could be a stepping stone in drawing
entreprenurial interests among the large youth population. This should be done in tandum with
the College of Micronesia and the Center for Entrepreneurship. Small scale tuna processing
facilities could provide access to fish which can slowly phase out canned goods. The presence of
a large scale tuna processing plant is nonexistent due to highly energy costs. At the moment, the
islands derive much of their energy from fossil fuels. Given extensive plans to incorporate wind
and solar energy in the national plan for climate change, prospects for a larger tuna processing
plant may be possible in the future when renewable energy production and storage technology
become more efficient.
Encouraging more people to grow their own crops could boost local food production.
Food and water security entail access to safe drinking water. Sustainable land use should be part
of the public dialogue as it relates to ensure that land is available for those wishing to put it to
productive means such as crop plantations. Instructure is still underdeveloped; however, recent
approved allocations to the FSM government’s Infrastructure Development Fund allows for the
mobilization of $150 million in COFA grant funding into the local economy. Scheduled
communication and transportation developments are underway in connecting the low-lying atolls
with the large main volcanic islands. Native populations who are most vulnerable to the rising
seas are able to move between larger islands in the event of catastrophic king tides and sea rise.
Climate resilient infrastructure is a central point in ushering a green economy in the FSM.
The state of public health in the FSM is linked the the environmental health, access to
both healthcare and healthy foods. By encouraging production of healthy local food and creating
adequate transportation infrastruture and food markets, rates of non-communicable diseases may
decrease with the help of government sponsored health and fitness campaigns. Gender equity is a

major Sustainable Development Goal (SDG) that is linked with the other goals of improving
maternal health, reducing child mortality, and eradicating poverty and hunger. In general, women
in the Pacific tend to adhere to traditional gender roles. Advocating for gender equity in all
spheres of island society could lead to improvements towards achieving other SDG’s. Promoting
access to all forms of education should be encouraged. Educational facilities throughout the
nation should be revamped and a holitic cirriculum should be adopted. Environmental
stewardship courses should be integrated into the national curriculum. Scholarships towards the
nation’s understaffed departments in engineering, education, medicine, information technology,
and science should be increased to faciliate a better educated workforce.

Figure 19 Assessment on FSM's progress on Sustainable Development Goals
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